Abstract: We report on the high-speed, wide bandwidth Fourier domain mode-locked wavelength swept laser using two SOAs. We obtained the 3 dB gain bandwidth of more than 125 nm and the edge-to-edge gain bandwidth of more than 145 nm at the sweep rate 45.589 kHz. The measured axial resolution of the forward scan is -5.6 ,um in tissue. [5] In this paper, we successfully demonstrate a Fourier domain mode-locked (FDML) wavelength swept laser which has over 145 nm edge-toedge spectral bandwidth with a 45.589 kHz scanning rate. A swept source OCT (SSOCT) system was built based on the developed FDML swept laser. The measured axial resolution of the system is 5.6 ptm in tissue. Fig. 1 shows the experimental setup for wide-bandwidth high-speed FDML wavelength swept laser and an SSOCT system. The center wavelength of SOAI is 1272 nm and the other SOA2 in cavity 2 is 1322 nm. The scanning fiber Fabry-Perot tunable filter (FFP-TF) has a free spectral range of 210 nm at 1300 nm and a linewidth of -0.2 nm. The applied frequency of the FFP-TF is 45.589 kHz, which is the same as the fundamental longitudinal frequency of the total laser cavity. The output of the FDML laser was coupled into a Fourier domain OCT imaging system. A balanced detection configuration is used to increase the signal-to-noise ratio of the OCT system. Fig.2 shows the optical spectra of the combined wavelength swept laser. The 3 dB bandwidth of the tuning range of the cavity 1 was 78nm from 1246 to 1324 nm. And edge-to-edge tuning range of that was 94 nm from 1238 to 1332 nm. The 3 dB bandwidth of the tuning range of the cavity 2 was 70.5 nm from 1306 to 1376.5 nm. And edge-to-edge tuning range of that was 96 nm from 1284 to 1380 nm. The total scanning range ofthe edge-to-edge is over 145 nm from 1235 to 1380 nm and 3 dB bandwidth ofthe laser is 128 nm from 1248 to 1376 nm. There is an amplitude fluctuation, which is due to the water absorption around 1370 nm. Even though there is an additional cavity loss from the two 3 dB fiber couplers, the peak power of combined wavelength swept laser is over 5 mW. The measured axial resolution of the FDML wavelength swept laser is 7.8 ptm in air for the forward scan. It corresponds to the effective axial resolution of 5.6 ptm in tissue. To evaluate the FDML wavelength swept laser, human skins were imaged with the SSOCT system. Fig. 3 shows an OCT image of a human finger in vivo. The sampling rate of analog-to-digital converter is 100 M samples/s for the A scan rate of 45.589 kHz.
Optical coherence tomography (OCT) is an important technology for biomedical imaging. [1] Recent development of Fourier domain OCT has significantly increased the imaging speed and sensitivity. [2] A key component in high-resolution OCT imaging is an optical source with a broad bandwidth because the axial resolution is inversely proportional to the bandwidth of the light source. Although a number of broadband optical light sources have been developed to improve resolution in time domain and spectrometer based Fourier domain OCT, few broadband high-speed swept light source has been reported. [3] - [5] In this paper, we successfully demonstrate a Fourier domain mode-locked (FDML) wavelength swept laser which has over 145 nm edge-toedge spectral bandwidth with a 45.589 kHz scanning rate. A swept source OCT (SSOCT) system was built based on the developed FDML swept laser. The measured axial resolution of the system is 5.6 ptm in tissue. Fig. 1 shows the experimental setup for wide-bandwidth high-speed FDML wavelength swept laser and an SSOCT system. The center wavelength of SOAI is 1272 nm and the other SOA2 in cavity 2 is 1322 nm. The scanning fiber Fabry-Perot tunable filter (FFP-TF) has a free spectral range of 210 nm at 1300 nm and a linewidth of -0.2 nm. The applied frequency of the FFP-TF is 45.589 kHz, which is the same as the fundamental longitudinal frequency of the total laser cavity. The output of the FDML laser was coupled into a Fourier domain OCT imaging system. A balanced detection configuration is used to increase the signal-to-noise ratio of the OCT system. Fig.2 shows the optical spectra of the combined wavelength swept laser. The 3 dB bandwidth of the tuning range of the cavity 1 was 78nm from 1246 to 1324 nm. And edge-to-edge tuning range of that was 94 nm from 1238 to 1332 nm. The 3 dB bandwidth of the tuning range of the cavity 2 was 70.5 nm from 1306 to 1376.5 nm. And edge-to-edge tuning range of that was 96 nm from 1284 to 1380 nm. The total scanning range ofthe edge-to-edge is over 145 nm from 1235 to 1380 nm and 3 dB bandwidth ofthe laser is 128 nm from 1248 to 1376 nm. There is an amplitude fluctuation, which is due to the water absorption around 1370 nm. Even though there is an additional cavity loss from the two 3 dB fiber couplers, the peak power of combined wavelength swept laser is over 5 mW. The measured axial resolution of the FDML wavelength swept laser is 7.8 ptm in air for the forward scan. It corresponds to the effective axial resolution of 5.6 ptm in tissue. To evaluate the FDML wavelength swept laser, human skins were imaged with the SSOCT system. Fig. 3 shows an OCT image of a human finger in vivo. The sampling rate of analog-to-digital converter is 100 M samples/s for the A scan rate of 45.589 kHz.
In conclusion, we have successfully demonstrated a wide-bandwidth, high-speed Fourier domain mode-locked (FDML) wavelength swept laser using two semiconductor optical amplifiers. The axial scan rate of the laser was 45,589 kHz which corresponded to the round trip time of the laser cavity. The scanning range from edge-to-edge was over 145 nm around 1300 nm. The measured axial resolution of the forward scan was -5.6 ptm in tissue. We also demonstrated OCT imaging using the wide-bandwidth, high-speed FDML wavelength swept laser. We expect that a wide-bandwidth FDML swept laser will be have a potential to achieve high quality 3-D OCT imaging. 
